With the rapid development of the express railways in China, a large number of express railway station buildings have been constructed in recent years. Steel reinforced concrete (SRC) girders are used in many buildings for express railway stations. It is a new subject for fatigue behavior of SRC girders under daily train loading. This subject is discussed preliminarily in the current paper. Fatigue tests on three SRC girders were carried out in Tongji University. The test specimens, testing program as well as experimental results are presented. The fatigue failure characteristics of the SRC girders are described in detail and compared with the static failure characteristics. It was found that the fatigue cracking was initiated at the weld toe of shear studs on the tension flange of welded H-section steel inside the SRC girder and then the crack propagated along the flange width and the web height until the girder lost loading capacity due to lack of enough cross section. The fatigue strength of the welded H-section steel played a key role in the fatigue strength of SRC girders. Suggestions for improving the fatigue strength of SRC girders and future research work are proposed finally.
Introduction
In recent years, with the rapid development of the railways in China, a large number of express railway station buildings are required correspondingly. In most cases, for some large multifunctional transport hubs of the express railways, steel reinforced concrete structure was designed to be used. For the express railway station building, storey below tracks was directly under repeated traffic wheel loads, thus, fatigue assessment in the design of the girders must be taken into consideration.
The SRC structure consists of the internal profile steel, a certain number of shear studs welded on it, longitudinal bars, transvers bars and external concrete. SRC structure is widely used in practical projects now because of its good characteristics. It combines respective features of steel structure and reinforced concrete structure and has numerous advantages: (1) Greater load carrying capacity: SRC girder has a higher load carrying capacity than that of a reinforced concrete (RC) girder with the same section size, the overall buckling and local buckling of the internal steel could be avoid due to the constraint effect of the surrounding concrete. (2) Strong seismic capacity: the restraint effect on concrete core provided by the steel makes the concrete in a three-dimensional pressure condition, it leads to some improvement on plasticity and strength of concrete. (3) Improved corrosion and fire resistance: in SRC members, concrete could prevent the internal steel from being corroded and delay the thermal conduction in elevated temperature field. (4) Better serviceability: using SRC composite can effectively reduce the vibration effect in railways platform due to their stiffness and inertia mass compared to steel structures.
Literature reveals a lot of research on fatigue behavior of steel members (Fisher et al. (1974); Fisher (1984); Fisher et al. (1998) ), reinforced concrete members (Bhartiya (2010) ; Nie et al. (2010) ) and composite steel-concrete members (Oehlers et al. (1999) ; Choi et al. (2008); Ahn J.H. et al. (2009) ) is more complete, but the fatigue research related to SRC structures is almost a blank, most of the previous research mainly focus on their static behavior (H.D. Wright (1995) ; Uchida and Morino (2003) ; Nakamura and Narita (2003) ; Lu (2006) ). Due to the requirement of understanding the fatigue behavior of SRC structures, with its prototype from the Shanghai Hongqiao Railway Station structure (Zhou (2008) ), recent years in Tongji University, experimental study of SRC beam-to-CFRHS column connections and SRC beam-to-girder joints have been proceeded ; Tong et al. (2012) ).
In order to deeply investigate the fatigue behavior and failure mechanism of SRC girders, fatigue test of a total of 3 SRC girder specimens have been done in Tongji University recently. The test specimens, test program as well as the test results are presented in this paper. Firstly, the static load was applied to the maximum value of the fatigue test, in order to check the availability of strain gauges and ensure the steel section and reinforcing bars remained in elastic range, the compression stress of concrete is far from its compression strength. After that, the specimens were loaded to failure under constant fatigue load. Discussions on the fatigue failure features of SRC girders are described and some conclusions based on the failure characteristics are recommended at the end of this paper.
Experimental program

Test specimen design
The girder specimen is represented by the letter G for convenience, the three girders are labeled as G1, G2 and G3 respectively. The SRC girder was designed to be simply supported beam as Fig.1 , two ends of the specimen were hinged, sagging moment required is achieved at the pure bending zone. The constructional details of three specimens were identical, and shear studs were arranged on two flanges of the welded H-section steel.
The SRC girder specimen uses C50 concrete. The welded H-section steel was fabricated by Grade Q235 steel plates, double-sided fillet weld which connects the web and flanges of the steel was used and Q235 shear studs were adopted. HRB335 longitudinal bars and HPB235 transverse bars were used as reinforcement of the SRC girder. The mechanical properties from coupon tests are listed in table 1. Reinforcement ratio of longitudinal tensile reinforcement bars is 0.38%, and steel ratio of H-section steel is 8.45%. 
Test setup
It is noted from Fig.1 that the distance between the load point of the distributive beam and support is 1.05m, therefore, the shear-span ratio is 3.13, so the SRC girder specimen is controlled by bending moment.
As shown in Fig 1 and 2 , instrumentation of the girder specimen under fatigue test includes displacement transducers for measuring deflections and strain gages for measuring strains in welded H-section steel, longitudinal reinforcement bars and concrete. A total of 5 cross sections A-A, B-B, C-C, D-D, E-E are placed with strain gages to measure the strains while the strain gage arrangement in B-B C-C D-D and E-E is identical. Due to symmetry, just one side of the strain gage arrangement is presented in Fig 2. Two dynamic data acquisition instrument are used to record data in the whole test process.
For each specimen, static test was first performed, in which incremental load was applied to the designed maximum value P max . Then fatigue test continued with constant amplitude, the fatigue load varies between the maximum value P max and the minimum value P min until the fatigue failure occurred. The loading scheme of fatigue test was presented in Table 2 . 
Test Results and Discussions
Failure characteristics of SRC girder
Fatigue failure occurred in all the 3 SRC girder specimens eventually. The failure characteristics of the girders are identical, at the fatigue limit states, the girder lost loading. There was no yield of the H-section steel and reinforcement bars, the failure presents brittleness. Fig. 3 gives a description of the fatigue failure while the test ended.
Since the SRC specimens had similar performance and failure characteristics, just one specimen G3 was taken for example to be described here. In static loading before fatigue test, tiny cracks on the bottom and two lateral surfaces were observed but no crack width exceeded 0.2mm. The internal H-section steel and reinforcing bars remained in their elastic range. During the fatigue test, hardly any new cracks appeared, some existing tiny cracks propagated along crack length. No significant increase of concrete crack width was observed until the final failure occurred, the overall stiffness of the SRC girder would not be affected. At cumulative 2.37 million load cycles, several major cracks appeared on the bottom surface, whose width exceeded 1mm. Meanwhile, the deflection of the middle span increased to more than 58mm (1/50 of span), fatigue failure of normal section occurred, the SRC girder specimen lost its loading capacity.
It was observed after removal of concrete that the bottom flange of the H-section steel completely fractured in the pure bending section, and the crack expanded all the way to the middle height of web. The fatigue crack initiated at the weld toe of stud on the tension flange surface, it had fatigue fracture characteristics of steel structures. Fig. 4 shows the fatigue failure characteristics of the specimen G3. 
Deformation development of SRC girder components during fatigue loading
For the three girder specimen, dynamic data acquisition system was used to track the strains of various components and deflection of the girder at middle span during the fatigue test. Because of the similar performance of the specimens, here just focus on specimen G3. Variation of strain and deflection corresponding to the maximum load of fatigue constant amplitude P max were presented in (1) Before 1.50 million cycles, no significant change observed in the strains of all the components as well as the deflection at mid-span.
(2) At 1.50 million cycles, the strains of the bottom flange of H-section steel (gage No.C1) overflows (for simplicity, the curve after that haven't showed). By removing the outside concrete after failure, it could be found that the fracture location of the steel exactly located at this section. This indicated that, at this moment, an unstable crack propagated, the reduction of the cross section leading to the stress near the crack section increased.
(3) Around 1.568 million cycles, sudden change was observed in the strain response of bottom flange of the steel (gage No.A8, close to the fractured section) and longitudinal rebar (gage No.A20). The strain of the bottom flange decreased while that of the longitudinal rebar increased. It can be indicated that, with the fatigue crack propagating, stress of the bottom flange near the crack location released, the internal force transformed to the reinforcement bars.
(4) Starting from 1.568 million cycles, the strain of the tensile longitudinal rebar continued to increase until ruptured. There was no significant change in the strains of the compressive concrete, furthermore, the mid-span deflection increased slowly till failure. All this signs indicated that fatigue crack propagated gradually until it crossed the entire flange, and slow redistribution of internal force occurred mainly between the bottom flange and tensile longitudinal bars, the overall stiffness of girder G3 did not reduce sharply during the test.
Fatigue failure mode and fatigue life
Based on the deformation development of SRC girder components described above, the sequence of fatigue failure can be summarized as follows: Firstly, the damage accumulation occurred simultaneously in both the tensile bars and bottom flange. Since a majority of fatigue life spends on tiny crack propagation, no obvious change was observed at the prophase of the fatigue process until the crack propagated to a certain scale. Then the tensile bottom longitudinal reinforcement bars ruptured due to the damage accumulation and redistribution of internal force. Finally, the rest of the H-section steel could not withstand the applied loading, the bottom concrete in compression zone crushed. In the fatigue failure mode, the fatigue fracture of tensile flange can be regarded as the most critical failure characteristics and the sign of fatigue failure of SRC girders, and the load cycle number at this very moment could be considered as the end of fatigue life. The fatigue life of each girder specimen is listed in Table 3 .
In this study, fillet welds were used between the studs and two flanges in H-section steel. Residual stress and weld defects similar to cracks are inevitable in weld procedure, so welded steel is a weak link in SRC girders with lower fatigue strength. Thus, in engineering instance, for structure directly under repeated fatigue loads, use a more reasonable welding constructional detail or avoid welding in the key position is necessary. 
Conclusions
This paper presents experimental investigation on the behavior of 3 SRC girders under fatigue loading. With the observation of the test phenomena and analysis of testing data, the following conclusions can be drawn:
(1) In static test, only tiny concrete cracks were observed in the tensile side surfaces of the SRC girder specimens. All components in the girder section worked within their elastic range and no concrete crack width exceeded 0.2mm.
(2) During the subsequent fatigue test, the response of the strains in the longitudinal reinforcement bars, Hsection steel and the compressive concrete could reflect the damage situation in the SRC girder.
(3) The fatigue failure modes of the SRC girder specimens are identical, fatigue failure was induced from the initiation of a crack at the fillet weld toe of stud on tensile flange surface. Then the fatigue crack propagated along the flange width and height until the H-section steel had no enough cross section to stand up loading, the redistribution of the internal force made the tensile longitudinal bars ruptured and the compressive concrete crushed.
(4) The weld area was the weak link of the SRC girder in terms of fatigue strength. The fracture of the H-section steel can be regarded as the sign of fatigue failure of the entire girder.
